Convergence of mean vocal intensity was demonstrated under two conditions simulating the natural dialogue. In the first experiment, the vocal intensity of the interviewer as heard by the subjects over two speakers placed at a 10-foot (3-m) distance, was restricted to three different intensity levels: 80-83, 86-89, and 92-95 db. SPL. The order of the presentation was counterbalanced across subjects. The second experiment used unstructured conversation, with each pair of subjects conversing for three 1-hour sessions. Prior to the first session, the subjects filled out the Marlowe-Crowne Social Desirability Scale. The results indicated that the lowering or raising of the interviewer's vocal level produced a corresponding change in the vocal level of the subject. Also, the degree to which a subject will match another subject's vocal level was predicted by the social desirability of the individual. These and earlier results are discussed in terms of conceptual frameworks.
Speech behavior contains both verbal and vocal components, the latter being denned as the noncontent aspects of speech (Starkweather, 19S6) . With reference to vocal characteristics of speech, an area of research that has received increased attention over the last 20 years is the "synchrony" or "convergence" between conversationalists on various vocal parameters: speech latency durations (the reaction time before responding to the other speakers; Matarazzo & Wiens, 1967) , length of silence (Jaffe, 1967) , duration of utterances (Matarazzo, Weitman, Saslow, & Wiens, 1963) , vocal intensity (Black, 1949a (Black, , 1949b Welkowitz, Feldstein, Finkelstein, & Ayelsworth, 1972) , and various speech rates (Webb, 1967) .
The primary purpose of this study was to investigate the relevance of vocal intensity as an interpersonal cue in verbal communication. More specifically, it was expected that speaking partners would converge in their average vocal intensity. The reliability of vocal intensity as a speech parameter for an individual has recently been demonstrated in a study by Welkowitz et al. (1972) . Black
Requests for reprints should be sent to Michael Natale, Number 2 Wolfe Street Apartments, Athens, Ohio 43 701. (1949a, 1949b) , in a series of experiments, established that "the listener responds with greater intensity as he hears more intense signals." The subjects in Black's study repeated statements or answered questions. It should be noted that in Black's study, the subjects listened through headphones and therefore were prevented from receiving normal sidetone feedback (hearing oneself). Moreover, the length of the experimenter's statements was a mere five syllables. The convergence of vocal intensity that Black demonstrated cannot be generalized to normal dialogues but can only be related to subjects' synchronization with specifically structured statements. The noninteractive structure of the conversation used by Black precludes the interpretation of the results as representative of a normal dialogue, which has no distinct response cues.
Concerning the autoregulation of vocal intensity, of great importance are the longknown Lombard and Fletcher functions. These refer to the automatic raising of vocal intensity by a speaker with increased noise level and the raising of one's vocal activity with a decrease in the level at which one hears oneself (sidetone). These regulations by a speaker of vocal intensity for noise and sidetone compensation has long been con-790 sidered the function of a private loop (Azzi, 1956; Becker, 1932; Charlip & Burk, 1967; Egan, 1967; Kerrison, 1918) . But recently Lane and Tranel (1971) , in summarizing research evidence, have demonstrated that the role of the Lombard and Fletcher functions is an attempt by the speaker to increase his communicativeness and intelligibility and not the result of an auditory feelback loop. The proof of this hypothesis is detailed, but it has been borne out in several experiments (Irwin & Mills, 196S; Lane, 1962; Lane, Catania, & Stevens, 1961; Black, Note 1) .
Even more interestingly, Lane and Tranel (1971) illustrated that in regulation of vocal intensity for communicative and social purposes, not only does a speaker use private feedback loops, but he often uses a public loop as well. More specifically, the speaker often observes the consequences of his vocal behavior on the vocal behavior of the audience and adjusts his own vocal behavior accordingly. In other words, since the speaker uses vocal intensity level as a mechanism for promoting intelligibility and communicability, an excellent guideline for choosing the proper level of vocal activity is to use, and hence match, the vocal intensity level of the person with whom he is conversing. Evidence for this matching of vocal intensity is presented by Black (1949a Black ( , 1949b , but as previously noted, the methodology of these experiments does not allow one to interpret the results as proof of a vocal intensity convergence phenomenon that takes place in normal dyadic communication.
Recently Baircl and Tice (1969) have demonstrated that when reading a list of words, individuals will evince imitative modeling of the vocal intensity level of the list of words previously recited to them; this was in the absence of all overt social rewards. Again, this experiment does not simulate the normal dialogue in many respects, but it does provide evidence that convergence of vocal intensity in spontaneous dialogues might be expected to occur.
Equally germane to the phenomenon of convergence of vocal intensity in dyadic communication is the finding that absolute differences of vocal intensity in dyads are affected by length of interpersonal contact and experimental manipulation of set (Welkowitz et al., 1972) . The results of the Welkowitz et al. (1972) study cannot be considered conclusive because the data were solely correlational in nature and obtained from a small sample of eight dyads. However, research seems to indicate that vocal intensity is a stable vocal characteristic (Welkowitz et al., 1972) and that it is susceptible to interpersonal influences (Baird & Tice, 3969; Black, 1949a Black, , 1949b Welkowitz et al., 1972) .
Of increasing interest is the examination of social variables that interact with noncontent speech convergence. Research in this area is scant. Matarazzo's (196S) studies indicate that perceived dominance is a strong factor contributing to convergence of mean duration of utterances; specifically, patients converged to a greater extent when the psychotherapist assumed a more directive role in therapy. The relationship of social variables to convergence of noncontent speech behaviors in dyads was more clearly demonstrated in an experiment by Welkowitz and Feldstein (1969) , which found that perception of similarity significantly increased the convergence of the average length of pauses and switching pauses in dyads.
The possibility of personality variables interacting with noncontent speech convergence has received a trickle of evidence. Matarazzo (1962) found that schizophrenics did not converge in their duration of utterances in the same manner as normals and neurotics. Even more interesting is the fact that psychological differentiation (field dependence/independence) was found to be inversely related to the convergence of length of pauses in normals (Marcus, Welkowitz, Feldstein, & Jaffe, Note 2) .
Other investigations have indicated (Bieri, Bradburn, & Galinsky, 1958 ; Crutchfield, Woodworth, & Albrecht, Note 3) that psychological differentiation is inversely related to the amount of interpersonal and social awareness and responsiveness that a person possesses. Consequently, it seems that a person's ability to adapt socially or to comply is related to the degree that the person will match other people's speech behaviors. This interpretation would be consonant with Matarazzo's (1962) study of schizophrenics and the Marcus, Welkowitz, Feldstein, & Jaffe (Note 2) study on psychological differentiation as related to speech convergence. Accordingly, the author feels that a measure of a person's conformity would better account for the convergence of noncontent speech behaviors (note that Marcus et al., Note 2, accounted for only 10% of the variance), with the conformity being denned as the giving up of a personal norm (Asch, 1952) , in this case, the individual's mean vocal intensity. It is logical to expect that conformity constitutes a behavioral category likely to be engaged in by a person seeking to gratify a need for approval (Marlowe & Crowne, 1961) . Hence, it is expected that social desirability as measured by the MarloweCrowne Social Desirability Scale (Crowne & Marlowe, 1960) can significantly predict the convergence of vocal intensity in a dyad. Research on verbal conditioning (Crowne & Strickland, 1962; Marlowe, 1962) indicates that the need, for approval does affect the realm of a person's speech behavior in that verbal conditioning is differentially affected by the social desirability of the subject involved. Even more direct evidence for the relationship between the amount of convergence of noncontent speech behavior, in this case vocal intensity, and the magnitude of an individual's social desirability lies in the fact that Salman (Note 4) found that field dependence was positively correlated with social desirability (Marlowe-Crowne scale) . In light of the previously demonstrated relationship between psychological differentiation and matching of vocal parameters of speech (Marcus ct al., Note 2), it seems that the convergence of vocal intensity of speaking partners would occur as a function of the individual's social desirability, as measured by the Marlowe-Crowne scale. A relationship between social desirability of the individual and the magnitude of vocal intensity convergence in a dyad is completely consonant with the previously described evidence of Lane and Tranel (1971) , which indicates that an individual regulates his vocal intensity for social purposes, that is, to increase his communicativeness and intelligibility, and that he will probably use the vocal level of the person he is speaking with as a guideline in choosing the effective level (amplitude) of his own speech.
In any research examining the occurrence of approaching similarities of a particular behavior in pairs of sets of individuals, it could be asked, "What is the relationship between the converging activity and time?" Previous research (Ray & Webb, 1966; Welkowitz & Feldstein, 1969) has indicated that speech convergence of mean duration of utterance increases over time. Also, as mentioned earlier, Welkowitz et al. (1972) found correlational evidence suggesting that the length of interpersonal contact may affect convergence of vocal intensity in pairs of speakers. Therefore, it is also expected that convergence of mean vocal intensity in a dyad will occur as a function of time; that is, the differences between the mean vocal intensity of the two conversationists will decrease over occasions.
Concerning the Marlowe-Crowne Social Desirability Scale, it has been determined (Crowne & Marlowe, I960)) that the internal consistency of the final form of the scale is .88 and that the need for approval is independent of the sex of the individual.
Hypotheses
On the basis of Baird and Tice's (1969) and Black's (1949a Black's ( , 1949b findings, a convergence of mean vocal intensity in a dyad would be predicted. However, methodological approaches used in these experiments obscure interpretation of the results as indicating the existence of a natural vocal phenomenon in dyadic communication. Research by Welkowitz et al. (1972) (Crowne & Marlowe, 1960) . In other words, the propensity of an individual to act in a "sociable manner" is directly related to the degree to which he will match another person's speech behavior, particularly, vocal intensity.
Previous research on psychological differentiation (Welkowitz & Feldstein, 1969; Marcus et al., Note 2) has indicated that the interaction variable A X B significantly predicts the convergence of noncontent speech behavior (pauses and switching pauses). In view of this empirical evidence, the following hypothesis is offered: 3. Hypothesis 3: It is expected that the interaction (multiplicative) of the participants' social desirability would significantly account for the convergence of mean vocal intensity. This interaction variable is termed the social desirability of the dyad.
Research by Ray and Webb (1966) , Welkowitz and Feldstein (1969) , and Welkowitz et al. (1972) suggests a final hypothesis:
4. Hypothesis 4: Convergence of mean vocal amplitude occurs over time; that is, the absolute differences of the conversationists' mean vocal intensity decreases over occasions.
Hypothesis 1 is explored in the first experiment, while the remaining hypotheses are examined in the second experiment.
EXPERIMENT 1
The first experiment focused on the matching of a subject's mean vocal intensity with that of the interviewer's, whose vocal intensity was experimentally controlled. A modified standardized interview was used to examine the hypothesis that the vocal intensity of the subject would change correspondingly with that of the interviewer.
Method Subjects
Interviewees were 21 male students of Ohio University, enrolled in an introductory psychology course, who volunteered and received course credit for their participation.
Apparatus
The conversation between the subjects and the interviewer (experimenter) took place in soundproof recording studios. The conversationalists were in separate booths, not in view of each other. The speaking partners heard each other's voices through speakers placed at a 10-foot (3-m) distance. The use of this arrangement eliminated facial expression, head nods, and other postural cues.
Both participants' speech was recorded by a Sony 350 tape recorder. The subject spoke into a unidirectional lavalier microphone set at 4 inches (.1 m) from his lips. The intensity of the experimenter's speech behavior was controlled by use of a Columbia "limiting" amplifier. This device absolutely fixed the upper limit of the speaker's vocal intensity, with the lower limit being established by a compressing amplifier that is contingent on the individual's power and frequency. The lower limit of the experimenter's vocal intensity as amplified by the "limiter" was found to be no more than 3 db. below the fixed upper limit. Hence, the vocal intensity of the experimenter, as heard by the subject, could be controlled within a specific range of 4 db. Another characteristic of the limiting amplifier is that it also automatically condenses the pitch range of the speaker to a characteristic level; therefore, inflection of the interviewer's speech was held constant across all subjects. It should be noted that the fidelity of the human voice is preserved by the "limiter," despite the truncated range of pitch.
The mean vocal intensity of each subject was measured by using a General Radio 1521-A graphic level recorder. The servo pen of the graphic level recorder operated at a writing speed of SO.8 cm per second with a paper speed of .64 cm per second (.25 inches per second). This recorder displays on graph paper the peak intensity on a 0-8-db. scale. The subject's mean vocal intensity was defined by the average of the recorded peak amplitudes on the graph at approximately 10-sec intervals. The peak level closest to the 10-scc mark was used as the datum.
It is also possible to monitor the taped dialogues as they arc fed into the graphic level recorder. Nonspecch behavior such as yawning, whistling, etc., were eliminated from the data domain, approximately 1%, thus rendering the reading of vocal intensity as a distinct paralinguistic behavior.
Procedure
All subjects were told, "This is merely an experiment on interpersonal communication; the only task is to freely talk with each other." The subjects were also told that their conversational partner was in another room and that they were separated because part of the purpose of the experiment was to evaluate how people communicate under such conditions. It should be noted that the subject did not know that his partner was the interviewer.
The subjects were also given an additional set of instructions to ensure proper tape recording and to guarantee that a normal dialogue (no reading of poetry or prose) would take place. The general topic of the conversations was held constant across all subjects by the interviewer, who initiated a conversation on a topic related to the world situation.
The content of the interviewer's statements adhered closely to Matarazzo's (1962) rules lor the standardized interview:
1. The interviewer introduces the standardized portion of the interview by a 5-sec utterance (following his signal to the observer).
2. All interviewing must be "nondirectivc." No direct questioning, no probing, and no depth interviewing. The experimenter can reflect, ask for clarification, ask for more information, or introduce a new general topic area. In general, the interviewer's comments should be nonchallenging and open-ended and related to cither the subject's past comments or some new general topic.
3. All of the interviewer's action must be verbal only or verbal and gestural at the same time; that is, the interviewer cannot use head nods and other gestures alone.
4. All of the interviewer's utterances must be S sec in duration.
5. Each period of the interview consists of 20 utterances.
As stated above, the duration of the interviewer's speech sample was controlled across all subjects. Such exact control by the interviewer of the length and amount of his own utterances, with the aid of a stopwatch and counter, was deemed feasible, since Matarazzo (1962) demonstrated that such fine control can easily be obtained with practice.
Even more important to the methodology of the experiment was that the dialogues were unobtrusively divided into three periods. By the previously described use of the "limiter," the vocal intensity of the interviewer across all subjects was specific for each of the three periods: 80-83, 85-89, and 92-95 db. SPL, these being the three experimental treatment conditions. When the prccstablishcd length (20 utterances by the interviewer) of a period was met, the interviewer gave a visual signal to the observer, who in a separate booth out of view from the subject, manipulated the "limiter" and, hence, established the vocal intensity level of the interviewer as heard by the subject. The order of the three controlled vocal intensity periods of the interviewer was counterbalanced across subjects in a Latin square design. The interviewer was not cognizant of the order of the presentations of the vocal intensity levels, thus creating a "blind" interviewer who did not have knowledge of his vocal amplitude level as heard by the subject.
Therefore, the methodology of the present experiment eliminated visual-gestural cues, along with controlling verbal content (directive vs. nondirective, general topic of conversation). Also controlled were the interviewer's inflection, number, and duration of the statements.
Prior to the experiment, practice sessions were conducted to determine the specific vocal intensity range of each period in order to ensure that the different vocal intensity ranges would not be too abrupt, in change or discomforting in any manner to the subject. After the, experiment was completed, a brief interview was conducted in which the subjects were asked about their understanding of the purpose of the experiment.
Results
Confirmation of the validity of the experimental procedure was first examined. Postexperimental questioning revealed that none of the subjects were aware that their speaking partner was a specific "interviewer" rather than a fellow subject. The specified control by the interviewer of his mean duration of utterance was also demonstrated, X ~ 4.87 sec, SD -.46 sec.
In the first experiment, it was predicted that the manipulation of the interviewer's vocal intensity would produce a corresponding change in the mean vocal intensity of the subject. In Table 1 , the means and standard deviations of the treatment groups are presented. Simple observation indicates that the average vocal intensity of the subjects rose in a manner corresponding to the ascending vocal intensity of the interviewer.
An analysis of variance (simple Latin square) was performed to check for the hypothesized change of the subject's mean vocal intensity. Order and group effects were found to be nonsignificant. It may be noted that the order effect approached significance, F (2, 36) =3.13, p < .06, which indicates that even in a short time, interval convergence of vocal intensity does occur as a function of time. This order effect was not predicted in this experiment because the author suspected that the short length of interpersonal contact might preclude its occurrence, as indicated in Table 1 . The main effect of vocal intensity was highly significant, F(2, 36) -31.03, p < .001, which indicates that convergence of vocal intensity in dyadic communication is a powerful phenomenon. Winer (1962) pointed out that violation of the assumptions of equality and symmetry of covariance matrices in a repeated-measures design can likely produce an inflated F. This can be offset by using a conservative F test first proposed by Greenhouse and Geiser (19S9) . When such an analysis is performed, the main effect of vocal intensity is still highly significant, F(l, 18) = 31.03, p< .001. The results with each subject can be treated as a separate experiment, and his three means can be evaluated by an F test. Such an analysis is presented in Table 2 . When these 21 individual F tests were computed, the significance level across the three means was .001 for 10 subjects, .01 for 3 subjects, .05 for 4 subjects, with the remaining 4 subjects failing to reach significance. A conservative F test yields similar results with the significance level at .001 for 7 subjects, .01 for 5 subjects, and .OS for 4 subjects. Thus it appears that the planned change in the vocal intensity of the interviewer has a rather marked effect on the speech behavior of the subject, whether the latter is taken individually or as a group. In reference to the analysis presented in Table 2 , it should be noted that the order of the three periods was not the same for all subjects, the order being counterbalanced across subjects in a Latin square design. This eliminated the necessity of a control group, which has been used by previous research (Matarazzo et al., 1963; Matarazzo & Wiens, 1967) working within the framework of the standardized interview to examine the matching or convergence of noncontent speech behaviors.
Upon being informally interviewed postexperimentally, none of the subjects were aware that different levels of vocal intensity were presented to them, which suggests that none of the subjects guessed the purpose of the experiment.
EXPERIMENT 2
Evidence from the first experiment supported the proposition that convergence of vocal intensity occurs in a dialogue situation. The second experiment used free conversational exchanges with the intent of generalizing the occurrence of vocal intensity convergence as a natural paralinguistic phenomenon to the unstructured conversational situation in which a speaker would have to perceive and respond to a full range of speech behavior, not restricted to the 4-clb. range as in the first experiment. It was hypothesized in this experiment that a person's (A or B) and the dyad's (A X B) social desirability, as measured by the Marlowe-Crowne scale, would significantly account for the occurrence of mean vocal intensity in a dyad. It was also expected that convergence of vocal intensity would be a function of the length of interpersonal contact, in other words, a function of time.
Method Subjects
Fifty same-sex dyads (25 females and 2S males) were chosen from the same subject pool described in Experiment 1. Subjects in the dyad were randomly paired; it was also a necessary condition that the subjects had never been acquainted with each other before and that they not be smokers, the latter condition being necessary to avoid nonspecch behavior from entering the data domain. The exclusion of smokers who would voluntarily refrain 
Assessment oj Social Desirability
A measure of the need for approval was obtained by using the Marlowe-Crowne scale (Crownc & Marlowe, 1960) . The scale was given to the subjects to fill out before the experimental task (conversations) .
Apparatus
The conversation between the pair of subjects took place in a room (10 X 18 feet, or 3 X 5 m) with the participants listening naturally to each other without earphones or speakers. For recording purposes, each subject spoke into a lavalier unidirectional microphone set at a distance equal for both members of a dyad. The room was acoustically dampened by putting cloth and egg cartons on the walls in order to prevent the spilling over of one person's speech into his partner's microphone. As in the first experiment, the subjects were not in view of each other. This was accomplished by a hanging curtain that divided the room in half. A General Radio 1521-A graphic level recorder was used to measure the mean vocal intensity of the subjects. The writing and paper speed of the graphic level recorder was the same as in the first experiment. The subject's mean vocal intensity was defined by the average of the peak-recorded amplitude at approximately 10-sec intervals. The peak level closest to the 10-scc mark was used as the datum. The tapes were monitored as they were analyzed by the graphic level recorder, thus eliminating nonspecch behavior from the data domain. Approximately 3% of the data were eliminated as nonspeech behavior; it should be noted that simultaneous speech was not deleted.
Procedure
Prior to the conversational task, the subjects were asked to fill out the Marlowc-Crownc Social Desirability scale; then some preliminary instructions were given to ensure proper tape recording. As in the previous experiment, the subjects were told that this was merely an experiment on interpersonal communication, and the only experimental task was to talk freely with their partner. Each session lasted 60 minutes, the dyad meeting once a week for three consecutive weeks. The dyad participants were requested to make no attempts to see or meet with each other, at least until the experiment was completed.
The dialogues were unobtrusively divided into three 10-minute periods. Period 1 was the first 10 minutes of Dialogue 1; Period 2 was the middle 10 minutes of the second dialogue; Period 3 was the last 10 minutes of the final dialogue. The magnitude of the convergence of the vocal intensity was defined as the absolute change (increase or decrease) of the absolute difference of the mean vocal intensities in a dyad. The initial difference of the speech parameter was defined as the difference of the mean values of the first period and the final difference defined as the difference of the mean vocal intensities in the last period. The convergence of vocal intensity was observed over three 1-hour sessions because the only previous research (Welkowitz et al,, 1972 ) on the phenomenon indicated increasing similarity of vocal intensity between speaking partners across three 1-hr dialogues. Evidence of convergence across other units of time, for example. 10 or 20 minutes, has not been previously examined.
In an effort to gain further knowledge of the process of noncontcnt speech convergence, the subjects were asked postexperimentally the degree to which they were conscious, if at all, of any self-regulation of the speech behavior being examined.
Results
In the second experiment, interspeaker influence was examined in an unstructured situation. Multiple regression analysis was used to evaluate the contribution of social desirability to the convergence of mean vocal amplitude. The social desirability scores for the participants recorded on Channel A and for those recorded on Channel B and the multiplicative interaction of the two sets of scores were used as independent variables. The amount of convergence of vocal intensity in the dyad was the dependent variable. The average social desirability score of the Marlowe-Crowne scale for the sample was 15.4 with a standard deviation of 4.49, corresponding well with population norms of the Marlowe-Crowne Social Desirability scale: X= 1S.99, SD = 5.54.
The initial multiple correlations between the vocal intensity convergence and the social desirability variable are shown in Table  3 .
In performing the multiple regression, a stepwise procedure was used that adds one variable at a time to the regression until no further improvement can be made. The sensitivity of this stepwise procedure is both its advantage and disadvantage, since it may easily capitalize on accidental and unreliable relationships to the criterion. Therefore a cross-validation is always necessary, which in this case meant dividing the data into two 25-dyad samples (12 male and 13 female dyads in the first sample; 13 male and 12 female dyads in the second sample). The cross-validated multiple correlations are also reported in Table 3 .
The social desirability of the individual, for Channel A, /?(1,23) = 1S.9S, p < .001; for Channel B, F(2, 22) = 7.63, p < .01, was positively related to the convergence of mean vocal intensity; the subjects evaluated as having more "social desirability" contributed more to the convergence of vocal intensity than did the subjects with low "social desirability."
It should be noted that the separate regression analyses for the dyadic partners were redundant in terms of the hypothesis; both analyses tested the relationship of the individual's social desirability to the convergence of vocal intensity in the dyad.
As was also predicted, a significant interaction variable demonstrated that the social desirability of the dyad is positively related to the vocal intensity convergence, F(3, 21) = 4.61, p < .01.
A trend analysis across occasions on the absolute differences between dyad members on mean vocal intensity was used to evaluate whether increasing similarities of vocal amplitudes occurred as a function of time. Table 4 presents the means and standard deviations of the dyads' absolute differences of mean vocal intensity in the three 10-minute periods that were separated by 1-week intervals.
Simple observation of the means indicates that the subjects converged increasingly over time in the loudness of their speech behavior. This is verified in the trend analysis, which The postexperimental interview revealed that none of the subjects were aware of the purpose of the experiment; also, the subjects were unaware of any self-regulation of vocal intensity.
Discussion
As was suggested by previous research, the results of the present study indicate that vocal intensity is a paralinguistic behavior that is modifiable in reference to the vocal level of one's speaking partner. The results of Black's studies (1949a Black's studies ( , 1949b , which found that subjects respond with greater intensity as they hear more intense signals when repeating or giving one-word answers to five-syllable phrases, can now be generalized to normal dyadic communication that is unstructured. This finding is in complete agreement with Lane and Tranel's (1971) theory, which postulates that speakers regulate their vocal level and, specifically, that they match their speaking partner's vocal intensity when choosing the optimum level for their own vocalizations. The present study also demonstrated that the social desirability score of the individual is positively related to the extent that he will match his speaking partner's vocal intensity; this result is consonant with Lane and Tranel's wellsupported theory that the autoregulation of vocal intensity is an attempt by the speaker to be communicable and intelligible. In other words, the autoregulation of vocal intensity is "other directed" or for social purposes. Before discussing all of the theoretical implications of the present findings, however, it is necessary to interpret the results of this study in reference to previous research on the convergence of noncontcnt speech behavior.
Convergence oj Noncontent Speech Behavior
The phenomenon of convergence was first noticed in early studies that examined the frequency and distribution characteristics of vocal parameters. Hargreaves (1960) in his early work on the duration of utterances realized that the mean duration changes for a person if that person changes speaking partners. Matarazzo, Hess, and Saslow (1962) in a study on the duration of speech latency noted that the interviewee's behavior is affected by the mean duration of the latency of the interviewer. Matarazzo (1962) , in summarizing previous work, pointed out that even small changes in the interviewer's duration of speech will significantly affect the duration of the interviewee's speech. Changes in the interviewee's speech corresponding to that of the interviewer's verbal behavior had been casually noted in other studies (Matarazzo, Saslow, Matarazzo, & Phillips, 19S8; Saslow & Matarazzo, 1959; Saslow, Matarazzo, & Guze, 19SS) . In view of all of the empirical evidence, Matarazzo then proceeded to demonstrate experimentally that the interviewee does converge to the noncontent speech behavior of the interviewer in length of utterance (Matarazzo et al., 1963) , frequency of interruptions (Wiens, Saslow, & Matarazzo, 1966) , and speech latency duration (Matarazzo & Wiens, 1967) . But it is interesting to note that in both of Matarazzo's studies, the interviewer and the interviewee were in view of each other. However, Matarazzo, Wiens, Saslow, Dunham, and Voas (1964) did find a positive relationship between the mean duration of utterances of astronauts and ground communicators.
Consistent with previous findings, Ray and Webb (1966) demonstrated that a similar concordance of mean duration of utterance occurs in a dyadic communication with multiple speakers at one end. Confirmation of synchrony or "tracking" of noncontent speech behaviors has been demonstrated in analogous studies: length of pause (Jaffe, 1967) , duration of utterances (Simpkins, 1967) , and reaction time latency (Jackson & Pepenski, 1972; Cassotta, Feldstein, & Jaffe, Note 5) . Concerning the fluency of speech, it should be noted that Webb (1967) , using a standardized interview, demonstrated that the interviewee will change his speech rate to that of the interviewer's when the latter's speech is experimentally controlled. Interestingly, Lauver, Kelley, and Froehle (1971) have shown that interviewee verbal behavior can cause synchrony on the part of the counselor on reaction time latency and initiative time latency, which supports the contention of Jaffe and Feldstein (1970) and Matarazzo and Wiens (1972) that convergence is a twochannel phenomenon. Extending the synchrony model, Matarazzo, Wiens, Matarazzo, and Saslow (1968) have demonstrated the convergence of interruption behavior and reaction time latency in psychotherapy sessions.
In light of the previously cited evidence, the convergence of mean vocal intensity demonstrated in the present study can be easily understood as a constituent of the paralinguistic "synchrony" phenomenon.
Theoretical Implications
At this point, an important question strikes the investigator of noncontent speech convergence: Even though the results of the present experiment can be explained in the context of previous research, one is still left with the problem of defining the underlying mechanism by which vocal intensity convergence occurs and the further question of whether this mechanism operates on the convergence of other noncontent speech behaviors.
A long history of research in the speech sciences points toward a possible explanation of the vocal intensity convergence phenomenon. Lombard noted in 1911 that a speaker increases his voice level when ambient noise level increases. Since then, many researchers have verified the existence of the "Lombard reflex" under different conditions: communicating words reproduced by listeners (Webster & Klump, 1962) , reading word lists (Kryter, 1946) , and shouting sentences under high noise levels (Hanley & Steer, 3949) . As Lane and Tranel (1971) have pointer! out in summarizing previous research, the speaker increases his vocal intensity about 50% for each unit increase in noise. It was also discovered by Lombard that the voice level of the speaker increases as the level at which he hears his own voice (sidetone) decreases. This has also been verified both in research under binaural conditions (Black, 1951; Lightfoot & Merrill, Note 6) and monaural conditions (Lane et al., 1961) .
It was long thought that noise and sidetone compensation resulted from a loss in audiofeedback control (Azzi, 19S6; Becker, 1932; Charlip & Burk, 1969; Kcrrison, 1918) . But this does not explain why there is a decrease in voice level when noise level decreases or why sidetone compensation occurs under monaural conditions (Noll, 1964a (Noll, , 1964b . Lane and Tranel (1971) pointed out that noise and sidetone compensation arc different aspects of a unitary process; that is, both types of autoregulation of vocal intensity by the speaker are attempts to adjust for changes in the signal-to-noise ratio in order to preserve intelligibility. This "communicative" explanation by Lane and Tranel of the Lombard reflex and sidetone compensation is supported by research (Gardner, 1966) demonstrating that noise compensation will increase in a speaker if the task puts a premium on intelligibility. Also, Black (1949c) has shown that the extent of the Lombard reflex is positively related to the message type, with the Lombard reflex increasing with messages perceived by the speaker as more meaningful and important to communicate.
But the strongest evidence for the "communication" function of the autoregulation of vocal intensity is provided by Lane and Tranel (1971) , who illustrated that if noise and sidetone compensation are a unitary process to increase intelligibility, then a "subject told to imitate changes in the level of a noise or speech signal will match a fourfold increase with a twofold increase, just as he does in noise and sidetone compensation" (p. 688). In other words, both noise and sidetone compensation are a "matching" (convergence?) function. Previous research indeed supports this critical test of the "communication" model of autoregulation of vocal intensity (Lane, 1962; Lane et al., 1961; Black, Note 1) .
But given that the autoregulation of vocal intensity in sidetone and noise compensation is an attempt by the speaker to be understood and to be intelligible, how does this apply to the matching of an individual's vocal level and that of the person with whom he is speaking? This becomes understandable if one pays heed to Lane and Tranel's (1971) observation that public feedback loops, in addition to private feedback loops, are used by the speaker to choose the optimum level of speech. To put it more simply, the vocal level at which a conversational partner directs his speech is an excellent indicant of "guideline" for choosing the appropriate vocal level of one's own speech. The phenomenon of vocal intensity convergence can then be seen to be the result of a public feedback system used by speakers to ensure intelligibility of their speech. Evidence for this can be found in Black's (1949a Black's ( , 1949b studies and that of Baird and Tice (1969) , which demonstrated that speakers answering questions of repeating statements will adjust their vocal intensity to that of the vocal level of the experimenter. The present study generalizes this phenomenon to the natural dyadic communication situation.
The strength of this "communication" model of vocal intensity convergence is that it can account for the "matching" phenomenon of other noncontent speech behaviors. Convergence of speech rates (Webb, 1967; Lightfoot, Note 7) , precision of articulation (Tolhurst, Note 8) , duration of utterance (Matarazzo et al., 1963) , and speech latency duration (Matarazzo & Wiens, 1967) have all been demonstrated and are easily understood through the "communication model," which posits that matching or convergence of noncontent speech behavior is an automatic process used by the speaker to attain the optimal "format" of his speech behavior so that his message will be intelligible. Jakobson (1968) , in talking about phonological development in children noted that "there arises and grows by degree in children a desire for communication. We witness the first expression of his social life; the child seeks to respond to and adapt himself to the person with whom he is speaking in every way, even in changes of volume" (p. 24).
Jakobson, citing the work by Gregoire, van Grinken, & Buhlcr & Helzer, interestingly pointed out that linguists had long observed that the infant, in his apparent desire to communicate, will match the vocal intensity of the person he is attempting to communicate with. It then seems that anecdotal evidence from early developmental linguistic research is strong support for the proposition that the desire for communication and intelligibility in one's speech is the mechanism by which the convergence of nonconlent speech behavior occurs.
The ability of the communication model to explain convergence of noncontent speech behavior is indeed important, since in reviewing previous research, Webb (1970) noted that Matarazzo's (196S) "synchrony" model Is the only previous attempt to explain the matching of vocal behavior but that there are numerous faults in the theory. The synchrony model posits that the greater activity by the interviewer is perceived by the interviewee as indicating greater interest by the interviewer and is, hence, imitated. Webb (1970) aptly pointed out that the synchrony model is especially deficient in accounting for convergence of speech rates, since previous research (Rucsch & Priestwood, 1949) has indicated that high speech rates are perceived as unpleasant, hence not positively rewarding; yet matching of speech rates is found. This line of reasoning is also applicable to vocal intensity convergence, since it has been shown that higher vocal intensity is associated with persuasiveness (Packwood, 1974; Scherer, Rosenthal, & Koivumaki, 1972) and that very high vocal intensity is perceived as an expression of hostility (Constanzo, Markcl, & Constanzo, 1969) . In other words, there seems to be curvilinear relationship between persuasiveness and vocal intensity, yet vocal intensity convergence has been demonstrated to occur at several levels of vocal intensity in the present experiment, and imitative modeling of vocal intensity (Baird & Tice, 1969) has been shown to occur at very high and very low levels of vocal intensity. It therefore seems that a reinforcement paradigm as put forth in the synchrony model is not able to account for the convergence of mean vocal amplitude in dyads. Webb (1970) mentioned that "visual, but non-behavioral, cues instigate synchrony" (p. 14). Specifically, it has been demonstrated by Bender and Brister (Note 9) that there is a positive correlation between the number of stimulus words and the number of response words in a sentence-completion test. This example of congruent behavior cannot be explained by Matarazzo's synchrony model but can easily be understood within the framework of the communication model, which defines the format or structure of incoming input as the criterion by which a source structures the format of this output.
The communication model can also explain the convergence of an individual's speech behavior to general environmental stimuli, which has been demonstrated by Heckel, Wiggen, and Salzberg (1963) and Brister (Note 10), whose studies illustrated that convergence of speech rates to the tempo of background music occurs. If the speaker uses external stimuli, such as the conversational partner's speech, as the feedback mechanism for establishing his own vocal behavior, then it is possible that leakage into this public feedback loop from environmental stimuli can affect the vocal behavior of a speaker. Matarazzo and Wiens (1967) suggested that noncontent speech convergence might be related to Bandura's (1965) modeling framework. Baird and Tice (1969) , in discussing imitative modeling of vocal intensity, also stated that a modeling process similar to that described by Bandura might provide an explanation for noncontent speech convergence. But Bandura's modeling theory would have difficulty explaining the results of Black's (1949b) study in which, after demonstrating the convergence of vocal intensity, the experimenter informed the subjects of the "convergence" phenomenon and then requested the subjects to prevent its occurrence in the following experimental session. It was found that the subjects converged in vocal intensity in spite of the experimental instructions to prevent the imitative behavior. The social reward paradigm of Black's study becomes complex, and with it, a Bandurian modeling theory of noncontent speech behavior becomes difficult to interpret.
The efficacy of a Bandurian model as applied to the modifiability of noncontent speech characteristics is also discounted by Lauver et al. (1971) , who demonstrated that the timing of a counselor's speech behavior can be "influenced" by the client's analogous speech behavior.
Communication Model
As stated thus far, the communication model merely posits that convergence of noncontent speech behavior is a "social" function; that is, it represents an attempt by the speaker to attain optimal format of his speech, via a public feedback loop, so that his speech will be intelligible. Tt should be noted that the role of a "public feedback system" in regulating nonverbal behavior has been touched upon by Ekman and Friesen (1969) ; these authors, in formulating a model to account for nonverbal leakage, stated that an individual uses both internal and external nonverbal feedback to program his own actions (both verbal and nonverbal). However, the posited communication model in this study can be expanded to encompass the following constructs: (a) that person characteristics are related to noncontent speech "synchrony" in dyadic communication, (b) that dyadic communication is transactional in nature, with certain social constraints modifying the particular dialogue, and (c) that Factors a and b can interact.
Relevant to the first proposition are the findings of the present study. Specifically, 4 out of 21 subjects in the first experiment did not converge in mean vocal intensity, and that in the second experiment, 4 subjects with low social desirability had a corresponding negative dyadic synchrony. This finding is similar to Matarazzo et al.'s (1968) observation that some therapist-client pairs converge over time (reaction time latency and interruptions), whereas others do not. These results indicate that differences in an individual's empathy, rapport, social desirability, or other relevant personality characteristics fire related to the degree of noncontent speech convergence in various dyads. Directly related to this proposition, Welkowitz and Kuc (1973) have demonstrated a relationship between the degree of dyadic convergence of response latency and the rated warmth of an individual. This is congruent with Matarazzo's (1973) stated belief that speech and silence indexes (i.e., s5Oichrony) have the potential to reveal an individual's mood, attitude, or motivational state. Further research should evaluate the relationship of therapist type and therapist experience level to the phenomenon of synchrony.
Concerning the second assumption of the communication model, Heller (1971) in summarizing previous research, stated that the interview participants are seen as a partial cause as well as a partial result of the behavior of the other. The effect of "social constraints" on the synchrony phenomenon is exemplified by Matarazzo et al.'s (1968) finding of a lack of positive synchrony of duration of utterance. In analyzing the data, Matarazzo et al. found some evidence suggesting that therapist-client productivity of speech was inversely related. The investigators interpreted this negative synchrony as possibly being the result of a "therapeutic set," described as the tendency to allow a patient to talk productively by means of low activity on the part of the therapist or to elicit talk from reticent patients by means of high therapist activity. It then appears that patient verbalization in psychotherapy is a clear example of the relationship of social-situational factors to the synchrony phenomenon. Further confirmation of this notion can be found in a recent study by Pope, Nudler, Vonkorff, and McGhee (1974) , which demonstrated that dyadic synchrony of speech productivity was inversely related to the experienced interviewer and positively related for a fellow-student interviewer; the same interview under different social "constraints" produced different convergence behavior. It should be noted in the Pope et al. study that both the experienced and the novice interviewer were rated as approximately equal in empathy, indicating that the social-perceptual set (status of interviewer) of the particular dialogue determined the synchronous behavior. The influence of perceptual set on speech convergence behavior was also demonstrated in an earlier study by Welkowitz et al. (1969) , who found that induced perceived similarity was positively related to the synchrony of response latencies and pause lengths.
Directly related to this research is the third assumption of the communication model, which emphasizes the interrelationships of person characteristics, social constraints of the dialogue, and noncontent speech convergence. This can best be understood in terms of interview research. In summarizing previous research, Matarazzo and Wiens (1972) pointed out that concerning certain speech variables, the activity level of the therapist and the client in a psychotherapy situation usually covaried. However, research by Heller, Myers, and Kline (1963) has shown that a direct convergence relationship is obscured in the naturalistic interview by the personality characteristics of the conversationalists. Specifically, passive interviewees pull activity from interviewers, while dominant interviewees induce interviewer passivity. This research implies that the variables of person characteristics and dialogue situation probably interact concerning convergence of noncontent speech. A representative design, as suggested by Brunswick (19S6) might be the only suitable approach toward investigating the complex convergence phenomenon.
In summary, a strong argument has been made for a communication model of noncontent speech convergence. The evidence for this model is primarily that it successfully predicted the convergence of vocal intensity in the present study and that it offers a satisfactory explanation of the convergence of vocal characteristics of speech. However, the communication model serves a primarily heuristic purpose in that it emphasizes the importance of both person characteristics and environmental press (i.e., therapeutic set) toward the convergence phenomenon. The author acknowledges, along with Matarazzo et al. (1968) , that delineation of the myriad of environmental determinants and individual trait and state factors relevant to the silence and speech characteristics of the dialogue may very well be beyond the scope of an individual investigator, and that massive "cross-research" comparisons may be the only method of investigation.
